A nonlocal mass operator can be consistently set in local form through the introduction of a set of additional fields with geometrical appropriated properties. A local and polynomial gauge invariant action is thus identified. Equations compatible with the study of renormalization, from the algebraic point of view, are presented in the Landau Gauge. *
Introduction
Non maximal dimension condensates, in special dimension two condensates, are of fundamental interest in order to study the infrared into euclidean Yang-Mills theories, as we can see by the amount of results obtained through theoretical, phenomenological and lattice simulations [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . One Particularly important case is the dimension two operator A a µ A a µ wich is not gauge invariant but is multiplicatively renormalizable to all orders in the Landau gauge. Other dimension two operators can be renormalizable at a large number of other gauges like linear covariant gauges [28] , Curci-Ferrari and the maximal Abelian gauge [27, 29] .
The fundamental problem of these operators like A a µ A a µ and the condensate A a µ A a µ is that they are gauge dependent and all of their quantum properties must be defined into each gauge. Many attempts in order to present a gauge invariant mechanism for these operator can be done by [30] [31] [32] but the result is always non unitary, nonrenormalizable or both. In these way it is a quite natural objective to discuss and present a suitable colorless dimension two operator O(A) which preserves gauge invariance
where D ab µ is the covariant derivative
and the natural candidate to that is a nonlocal operator like
and these possibility is studied in [33] .The Method develop consists into write the nonlocal operator into a local form as
(4) Unfortunately by means of algebraic renormalization methods is possible to observe that a mass counterterm in the tensorial fields is obtained and these counterterm turns localization of the gauge invariant nonlocal mass into an impossibility only with simple antissimetric tensor fields [33] . In fact the obtained result implies that is necessary to include to the quantum action, terms like
that turns impossible the localization of the gauge invariant nonlocal mass operator with these simple mechanism.It is important to emphasize here that this analysis in no way prohibits a more elaborate mechanism from achieving these goal. In these work we will present a mechanism that could turn possible to localize the nonlocal operator [3] without the possibility of mass terms in the localizing action that can destroys the process.
2 Localization of the operator d 4 xF µν 1 D 2 F µν with sef-dual and anti self dual tensor fields.
First of all it is necessary a geometrical mechanism that could avoid mass terms in the localizing tensorial fields. This geometrical mechanism is recognizable in the self-dual and anti self-dual property. writen in simple terms two tensorial fields witch obeys the following relation ϕ µν ϕ µν = 0 are necessary in order to avoid mass term in the localizing fields. The most simple way in order to achieve this goal is to introduce these fields in the localizing action with projectors that has the desired property i.e.
and
which leads to the following solution
This solution is spite of being interesting, is not the best form to write the action in order to explicitly obtain the set of equations compatible with the quantum action principle. Due to this fact we will continue with the fields ϕ µν and ϕ µν . It is important to stress here that θ µναβ θ µγλρ = 0 (9) and these property is fundamental for the construction of a dynamical cynetic term. Also is important to note that these two properties are also important in order to study certain infrared properties. The generation of mass for all components of the gauge field is different from the usual symmetry breaking. This apparent paradox is solved in this model by not using the method of coupling sources that take one particular value as presented in [33] . In order to understand the mechanism that we will present is didactic to remember the original mechanism presented in [33] . It starts adding the nonlocal mass operator to the Yang-Mills action , i.e.
where
The term (12) is localized by means of the introduction of a pair of bosonic antisymmetric tensor fields in the adjoint representation, B a µν ,B a µν , according to
where the determinant, det D 2 6 , takes into account the Jacobian arising from the integration over the bosonic fields B a µν , B a µν . This term can also be localized by means of suitable anticommuting antisymmetric tensor fields Ḡ a µν , G a µν , namely
bosonic fields B a µν , B a µν and the anticommuting fields Ḡ a µν , G a µν it is presented in [33] that these set of fields form a quartet, taking into account that in a certain moment the gauge parameter ω will be promoted to a ghost c these quartet became a BRST quartet.
so the action
is left invariant but the action
is not invariant any more. In order to avoid that problem the mass action S m is replaced by
At the end, the sources V σρµν (x),V σρµν (x) are required to attain their physical value, namelyV σρµν phys
so that expression (18) gives back the term S m . This is essentially a trick in order to treat a non invariant action term in an algebraic renormalization scheme.
Here it is necessary to enphasize that these mechanism has many problems from the renormalization point of view. In the algebraic renormalization scheme classical sources can be set to any classical value at any point in the calculation, from many point green faunctions to explicity renormalization calculus. We will abandon these mechanism in order to remain stricktly into the algebraic renormalization scheme observing that all equations and simmetry identityes are compatible with the quantum action principle i.e Ward identities with and without linear breaking and Slavnov equation without breaking. There are three points that still need some attention into these procedure. First we need a geometrical mechanism that can block mass terms likẽ
This can be done by introducing tensor fields coupled to the projectors or obeying the equations as presented in (7) . Again it is important to remember that due to (6) a mass term like the above one is forbidden if the fields B a µν , B a µν are replaced by θ µναβ ϕ a αβ , θ µναβ ϕ a αβ . It is also clear that the anticommunting fields Ḡ a µν , G a µν are also substituted by θ µναβ ω a αβ , θ µναβ ω a αβ . Second a quantum mechanism that garantee that a source, that is a classical field and in principle could fluctuate at any value, to be a well defined classical source term and not a specific fixed mass value 1 and the third and final point is a way to define two different fases, a massive and a non massive one. In order to solve that problem we will introduce another quartet of scalar fields
and do a symmetry breaking into these scalar fields (φ, φ). This mechanism is clearly not exactly a standard one. The fundamental difference is that the scalar fields are not linked to a non-Abelian group and due to this, the spontaneous symmetry breaking mechanism give mass to all components of the non-Abelian gauge field A a µ . Also the two fases are defined in the symmetry breacking mechanism.
The proper action in order to do that is:
to which adding the Landau gauge fixing
determines the action
which is left invariant under the following set of BRST transformations 
Now it is necessary a few words about the scalar sector and spontaneous symmetry breaking. The action (22) is invariant under a global U (1) transformation that is
and these symmetry, together with (25) , is enough to ensure that
Looking to (22) the potential
admits non zero expectation value for the scalar field
Due to the U (1) global symmetry it is necessary to take
It is important to emphasize here that in order to obtain the localization, expectation values always appear in propagator and observables as a pair < φ >< φ >. The redefinition φ → φ− < φ > and φ → φ− < φ > is the only necessary requirement in order to obtain the localization and after the integration over the localizing fields the bilinear term is given by
wich is the desired mass contribution for the free propagator. In a future section we will discuss in detail the gauge propagator. It is also important that is possible to use such mechanism in order to study certain topologically nontrivial solutions to the gauge field.
Small comment about the symmetry breaking mechanism in this action
It is clear that the action (22) is constructed in the form:
where Θ is constructed with ultraviolet dimension 4 and ghost number −1 with the localizing fields and the gauge ones. In the unbroken phase it is a trivial term and the cohomology property ensure that the action is pure Yang-Mills from the geometrical point of view. The situation in the broken phase is a little different. Let us look at the terms of interaction of the localizing fields and the curvature. They are obtained as
In the broken phase the set of symmetries for the scalar fields became:
Where µ is defined in (30) . Applying now the same procedure to the localizing sector above, now we obtain more one term iµϕ a µν θ µναβ F a αβ . It is clear that doing the shift φ ⇒ φ − µ and φ ⇒ φ − µ into the action another term is obtained. The term is −iµϕ a µν θ µναβ F a αβ which is gauge invariant. The relation of these term to the other terms of these sector is provided by a symmetry
which can be easily extended to the broken phase
This equation do the link between the two phases and fixes the value of the mass in a similar way as used in the symmetry breaking mechanism. The main difference from these to the usual one is that mass is for all the A a ν also the same that appears in Delbourgo-Thompson [30] [31] [32] mechanism is avoided here.
Extending to the quantum level
The set of equations, valid at quantum level as any equation that obeys the quantum action principle QAP [34] , that ensure that no mixing term of the form ϕ a µν ϕ a µν is permited are 
In order to present all equations compatible with the quantum action principle, it is necessary to add to the action all the symmetries coupled to classical sources. It is interesting to remember here that due to the properties of the projectors it is usefull to introduce the projectors explicitly into the source terms in a way that the projections over the source equations are also obtained. It is clear that introducing directly the projectors with the sources the functional derivative in respect to the sources does not give us only the symmetry associated to these source but instead we obtain the projected symmetry witch is also a symmetry of the action due to the operator idempotency . The Landau gauge fixing action plus the symmetries is given by:
which has over the sources the same type of property as presented over the equations of motion for the fields Now the quantum actions and the Slavnov-Taylor identity are given by: 
It is important to enphasize again that these set of equations simply block the possibility of mass terms like ϕ a αβ ϕ αβa or ω a αβ ω αβa and thus turn the mass term obtained from the localization of the nonlocal operator presented in action and the symmetry breaking mechanism (22)into a stable one. Also these set of equations blocks a quartic term for the localing fields due to the simply fact that every antisymmetric tensor of rank D +1 in D dimension is zero and so is always possible to rewrite the indexes of a quadratic term in order to be forbidden by these set of equations.
The Linearized operator β Σ is easily obtained from the Slavnov-Taylor iden-tity and is given by: 
The gauge fixing, the antighost equation and the ghost equation that are characteristic from the Landau gauge 2
The rigid equation that corresponds, in the Landau gauge, to the anticommutation of the ghost equation and the Slavnov one This set of equations, with the hermiticity condition, is enough to guarantee that no mass term for the localizing fields exist. Now it is necessary to guarantee that at the bilinear level the localizing action generates a mass term for the gauge fields A a µ . In order to do that it is enough to take the bilinear action and integrate over the localizing fields.
Bilinear sector of the localizing fields and the propagators
Taking the bilinear part of the gauge functional with localizing fields and the gauge field
Where < φ >= µ and < φ >= µ are the the vaccum obtained from a spontaneous symmetry breaking mechanism over the fields φ and φ In order to solve that it is enough to obtain the classical equations of motion that is:
The classical solution for this set of equations of motion is
Integrating over the localizing fields it is easy to find the contribution for the mass of the gauge field as:
It is clear that S mass corresponds to the bilinear contribution to the gauge invariant mass term presented in (22) for the value a = 1. It is important to emphasize here that the mass term is proportional to
is the transverse part of the gauge field. The complete nonabelian extension could be understanded as the localization of A 2 min . These operator, defined as:
and his relation to a non-Abelian nonlocal operator already has been done in [33] Taking into account that we are working in the Landau gauge it is easy to obtain 3 :
also doing some calculations we obtain for all the propagators
These set of propagators confirms our assumption that these mechanism generates a transverse mass term for the gauge field. Also it is possible to observe the non massive poles in < ϕ a µν (−k)A b γ (k) > and < ϕ a µν (−k)A b γ (k) > expected from the symmetry breaking mechanism. Also is relevant to emphasize again that by construction the model is renormalizable due to the geometrical preoperties of the tensorial fields. It is also important to note that the mixing terms between the tensorial terms and the gauge curvature take into account the values of a scalar field and can be usefull to study topological properties of these action but this is a very extended task and certainly demands another work.
Conclusions
In this work we present a possible extension of the main idea presented in [33] that is to localize a non-Abelian gauge invariant operator in order to obtain gauge invariant mass term. The method in spite of use of a symmetry breaking obtain the same mass to all components of the gauge field. This can be useful in order to study the operator A 2 mim that is trully important into many aspects of confinement [35] [36] [37] [38] . We present all the necessary equations that are compatible to the quantum action principle that can be used to prove the renormalizability of the model. It is obtained the important property that mass terms in the localizing fields are blocked by the geometrical properties of these fields maintaining the localizing property. We point out that this action possesses a small number of parameters, a feature useful for higher order computations.
The possibility of having at our disposal a true local and renormalizable action might provide us with a consistent framework for a future investigation of the possible implications of a nonlocal gauge invariant operators of ultraviolet dimension two.
